1965-67
My MSc scholarship and conditions were very generous. I had my own office, was paid enough to rent an apartment, support a wife and run a car. I also got to go to Departmental sherry parties.
Melbourne University had just bought an IBM 7044 computer with 32K of memory. The computer filled a room and apparently cost $2 million. This was perfect timing because I was able to write a suite of computer programs to help interpret the gravity and magnetic data. I had programs for two dimensional gravity and magnetic models, gravity and magnetic terrain corrections and two dimensional filtering. To provide a basis for my modelling I did rock property measurements including density, susceptibility and remanence plus demagnetisation calculations. The Department had a very good workshop whose staff helped me build a portable diamond drill to allow me to collect palaeomagnetic samples and they also helped me build a susceptibility meter. I used a spinner magnetometer built by another MSc student for the remanence measurements. The Department had its own specialist library and I basically read every relevant publication on gravity and magnetics that had been published. My MSc supervisor was the urbane Colin Kerr-Grant. Colin pretty much left me alone, but early in my project he handed me a reprint of Talwani's original paper on modelling of magnetic data (Talwani and Heirtzler, 1964) . This paper, which had been published in a very obscure location, was the inspiration that lead me into a later career related to geophysical data processing and modelling. Colin also managed to extend my MSc research period to 2.5 years by having me act as geophones on islands in Bass Strait and at the top of the Cape York Peninsula for crustal seismic programs, namely, the Bass Upper Mantle Program (BUMP) and the Carpentaria Upper Mantle Project (CRUMP). My MSc gave me a grounding that underpinned my career.
I eventually published my MSc results (Gunn, 1975a) . Significant portions of this paper were republished in Mike Dentith's compilation of the geophysical responses of South Australian ore deposits Dentith (2003) .
When I finished my thesis the famous nickel boom was just starting and BHP wanted me to work full time for them. My problem was that I had a beard and BHP did not allow beards. I accepted a job with the oil company West Australian Petroleum (Wapet) in Perth. I told BHP that my choice was based on their beard policy. To be honest, the fact that Wapet were offering 50% more pay than BHP was an incentive. I believe that BHP changed its policy on beards shortly after. I remember a BHP manager telling me 'Peter, BHP does not pay a lot but staff have a job for life'. Subsequent events showed this statement to be half true.
My supervisor and contact with BHP was a remarkable man called Peter Taylor who was the first geophysicist employed by BHP. He organised the original aeromagnetic and seismic surveys that led to the discovery of the prolific Gippsland Basin oil and gas fields. He later got BHP into many other profitable projects including the Telfer gold deposit. We are still in contact. He has had a beard for many years.
1967-68
Wapet was a big oil company that held about one third of the prospective oil basins in Western Australia. It had just discovered the large Barrow Island oil field. Wapet was operated by the American oil major Chevron. Frankly, I thought the Wapet office was a horrible place to work. All the geophysicists had tiny little cubicles with no doors and we had to put all documents in lockers every night so every morning we would arrive to completely empty cubicles. The Chief Geophysicist used to wander around the corridors between cubicles. Staff would cease chatting when they saw him. I went through a training program. I am probably the last person living who has had to calculate synthetic seismograms manually. I spent a lot of time supervising offshore seismic surveys. While this had an element of adventure, the work did not appeal to me. I investigated options and obtained a scholarship to do a PhD in geophysics at the University of Manitoba in Canada. I resigned from Wapet almost exactly 12 months after I started. Wapet employed 12 young geophysical graduates like me. Only one stayed more than 2 years. Just before I left Wapet I was sent on a course on digital filtering and deconvolution. This was one of the luckiest events of my life. The training formed the basis of my eventual PhD project.
1968-69
On arrival at the University of Manitoba, in Winnipeg, the coldest major city in Canada, I learned that the professor who was to be my supervisor was on a year of sabbatical leave. He had suggested a research project involving second arrivals from a crustal seismic survey of Hudson Bay. Somebody had already interpreted the easy first arrival data. I decided that the project would be a dud and did not start it. I learnt that the normal system in Canada was for universities to only give scholarships for the 7 month academic year. Geology and geophysics students would spend the summer working for exploration companies in the far north of Canada. As a result, the average duration of a PhD was about seven years. My wife was not excited about this scenario. Me either. We had another problem due to the fact that the University had stuffed around with our documentation and my wife was not permitted to work so we were using up our savings. PhD students in North America do extra undergraduate studies to round out their training. I took advantage of the situation to complete a geology major. I simultaneously studied second, third and fourth year geology subjects plus a couple of graduate geophysics courses. I found the courses fairly easy and did more than normal ending up with the equivalent of 1.5 academic years of subjects. At the end of this period I had, thanks to my previous undergraduate studies at the University of Melbourne, full majors in physics, mathematics, geology and geophysics. I have never regretted this effort.
1969 At the end of the academic year I started a summer job in the Theoretical Geophysics Section of the Geological Survey of Canada in Ottawa. I was working with Bihmal Bhattacharyya who at the time was one of the gods of mathematics as applied to aeromagnetic surveys. The Society of Exploration Geophysicists (SEG) has since published a review paper describing the most significant developments in the fields of processing and interpreting aeromagnetic data (Nabighian et al., 2005) . Bihmal Bhattacharyya and Richard Hansen together had the most citations with six for each of them. I only got five citations.
My project at the Geological Survey was writing computer programs to adapt bicubic spline theory to gridding routines. After a couple of months I told Bihmal that I did not want to return to university and asked would it be possible to stay on at the Geological Survey. He said he would consider the request. As my original tenure got close to the end date and I had not heard anything, I started looking for other jobs. I wrote four application letters and got four positive responses from companies wishing to interview me. I had two interviews lined up when one Thursday Bihmal told me that the Director of the Survey had agreed that I could stay on. I cancelled my interviews. The next day, Friday, the Canadian Government announced that all non-permanent employees would be terminated. My last day at the Survey would be the following Monday. I rang up the Canadian geophysical contractor, Geoterrex, who were based in Ottawa and with whom I had cancelled an interview. They offered me a job.
1969-70
Geoterrex was a subsidiary of the large French contractor Compagnie Général de Géophysique (CGG). CGG had produced advanced software for processing high sensitivity caesium vapour aeromagnetic surveys and Geoterrex had obtained this software to process their airborne data. The problem was that they could not make it work. Geoterrex sent me to the IBM office where their processing was done to see if I could fix a current problem. The problem turned out to be a full stop in the wrong place of computer code. This was easily fixed and, as a result, I was put in charge of their data processing group. After a few weeks I was told that CGG had more programs available in Paris and that they wanted me to go to France to collect software. The programs had been developed by Henri Naudy, another of the gods of aeromagnetic algorithms. The code used French abbreviations and the documentation was in Naudy's handwritten French. At the time I did not speak French (believe it or not I am now a French citizen). I managed to get the programs working back in Ottawa and made several other pleasant trips to Paris. I got on well with Naudy. I think this was because I was one of the few people who could get his software to work in the non-French world. The programs were advanced for their time and included computer contouring, the production of derivative and reduction to the pole maps and automatic interpretation algorithms. The Geoterrex staff included Mike Reford, a good guy, who was one of the most respected aeromagnetic interpreters in the world at the time. His interpretation of Bass Strait aeromagnetic data led to the discovery of the Gippsland Basin. Peter Taylor of BHP had told me about him and how he had stayed in the best hotel in Melbourne when he came from Canada to Melbourne to interpret the data. Interpretation at the time consisted of ruling straight lines along analogue records of magnetic profiles. I thought this sounded like a fantastic job. In later times I managed to live a similar life. While all the above was very stimulating I felt annoyed at not having completed a PhD.
I had told the University of Manitoba that I was working with Geoterrex to get enough money to be able to live while finishing my PhD. To entice me to return, the University of Manitoba offered me a Canadian National Research Council scholarship, which at the time was probably the best scholarship available in Canada. It paid a full 12 month stipend. Rather than accept this scholarship I decided to do a PhD at Durham University in the UK. I didn't have a scholarship for Durham. Salaries in the UK were very low compared with Canada and I figured that the money I had saved in Canada would allow us to live very well in the UK where I planned to finish a PhD in 2 years. I set off for Durham in 1970 with a wife and a 3 week old baby.
1970-72
Durham University at the time was arguably the best university in the UK to study geology and geophysics. The Head of Geophysics was Professor Martin Bott, well respected in gravity and magnetic circles and one of life's gentlemen. There were about twenty PhD geophysics students. Durham is a classic medieval town.
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For a thesis topic I decided to adapt Wiener filter theory related to deconvolution and filtering as applied to seismic data processing to the processing of gravity and magnetic data. The starting point for this work would be the course I had done while working with Wapet. I had also picked up the basis of Fourier transforms while working with Bihmal Bhattacharyya. Bihmal was one of the pioneers of adapting Fourier transform theory to gravity and magnetic problems. He published many papers in relation to these issues. I started my thesis by producing a simplified, unified version of the contents of Bihmal's work. I eventually reduced the problem to two equations that explained how to do virtually all the known one and two dimensional filter transformations that applied to gravity and magnetic data, plus a few that were previously unknown. I published my mathematics for this in Gunn, 1975b . This paper has received considerable recognition with people making comments such as 'This was the first time that the application of Fourier transforms to gravity and magnetic data has been clearly explained'. I have often wondered if Bihmal (now deceased) never saw the big picture or if he deliberately did not make the big picture clear so that he could produce more publications.
The next step was to develop mathematics to adapt Wiener filter theory as known in seismic data processing to the processing of gravity and magnetic data. I did this by creating two sided operators and making the problem a two dimensional process in the case of map data. At the end of 12 months I had software producing my transformations. From this work I published two papers in Geophysical Prospecting (Gunn, 1972 (Gunn, , 1975b , one in Geophysics (Gunn, 1975c) , one in Geoexploration (Gunn, 1976) and one in the Bull. Aust. Soc. Explor. Geophys. (Gunn, 1974) . I considered that I had done enough for my PhD.
Martin Bott told me that it was not allowed to finish a PhD in 12 months and I had to continue for another 12 months. I would be allowed to finish in less than the normally required 3 years because I had previously been enrolled for a year for a PhD in Canada. I was given a project to interpret gravity and magnetic data over the Midland Valley in Scotland and Northern Ireland. The Midland Valley, which contains Glasgow and Edinburgh is a topographically depressed area flanked by major faults containing ultramafic rocks. The Valley overlies a gravity high and several major axial magnetic anomalies. Plate tectonics had only been invented a few years before my studies and tectonic theories were very fashionable at the time. It was generally accepted that England and Scotland had originally been different continents and that an ancient 'Iapetus Ocean' had closed in a manner that caused them to fuse together. The main conclusion of my study was that the Midland Valley was the suture zone. I published my conclusions in Nature (Gunn, 1973) . I also published a 3D non-linear inversion of one of the large axial magnetic anomalies in the Scottish Journal of Geology (Gunn, 1975d) . I once actually met someone who had read this paper. Eventually I was allowed to submit my thesis after 23 months work.
By the time I was ready to submit my thesis, I realised that the Midland Valley was a failed rift. The significance of such features was just beginning to be realised. While I still consider my suture zone concept to be correct, I felt that I missed an opportunity to do some significant early research on rift formation. The result of being annoyed with myself was that a few years later rifts became a hobby that resulted in me doing private research on the subject. I concentrated particularly on the gravity and magnetic signatures of rift systems. I subsequently published seven papers on rifts. The world has ignored these papers. The concepts that I developed proved extremely useful in the hydrocarbon and mineral exploration projects I became involved with. Eventually I made significant amounts of money out of my rift ideas.
While at Durham I consulted for the English geological/ geophysical contractor Hunting Geology and Geophysics. Huntings had an association with CGG and were installing Naudy's software. Huntings could not get the software to work. I helped make it work. I eventually gave Huntings my own software in exchange for a 'PhD scholarship'. I also sold my Midland Valley interpretation to another organisation.
At the end of 1972 I decided to return to Australia. The late 60s -early 70s resource boom, commonly called the 'Nickel Boom' in Australia was, in many ways, more spectacular than the recent resources boom in Australia. I missed most of it by being overseas. By the time I finished my PhD the boom was well and truly over and there were no available jobs for geophysicists. So I arrived back in Australia with a wife, a 2 year old child and no job. My wife promptly had another baby.
1972
Out of the blue I received an offer of a CSIRO postdoctoral fellowship from David Boyd, Professor of Geophysics at the University of Adelaide. David was an ex Huntings employee and one of the senior Huntings management had kindly made a recommendation, without my knowledge, on my behalf. So I went to Adelaide. I had to leave my family with the in-laws in Melbourne as I was not paid enough to support them in Adelaide.
The financial situation improved somewhat when I managed to get a consulting job supervising an airborne survey for an Italian company aimed at detecting uranium in the East Alligator River area of the Northern Territory. At this stage of my career, despite all my high level knowledge of processing airborne data, I knew nothing about supervising airborne surveys. I knew even less about uranium exploration. To help solve the second problem I borrowed a book on uranium deposits from the University library. On the way to the Northern Territory my plane was delayed in Alice Springs so I started reading the textbook. I was approached by a man holding the same textbook who said 'We seem to be in the same business'. He turned out to be a government geologist who had done the key geological mapping of the area of the survey I was to supervise. He kindly filled me in on the geology to the extent I had a good general knowledge of the situation. On arrival in Darwin I checked into the motel where the survey crew were meant to be staying. I asked reception where I could find the survey crew. I found a survey crew but it was the crew of a competitor to the company carrying out my survey. They were very happy to tell me about all the issues to check out during my supervision. I eventually found my crew and was now ready for the project to commence. All we needed were the airphotos showing the flightline positions. These were being sent from Sydney by Ansett Airlines. Ansett lost the airphotos and for several days I had to tell an increasingly agitated client 'Sorry Fabio, they have not arrived yet'. I was being paid the fabulous sum of $100 per day and staying in what I considered to be a luxurious motel so I was not unhappy. Eventually the maps turned up and the survey was flown. I produced an interpretation report and rather guiltily sent in my bill. When I received my payment I realised that the client had rounded the amount up to fulfil an expenditure commitment. The client offered me a full time job but at the time the Whitlam Labour Government was busy discouraging foreign mineral companies. I turned down the job saying that I did not think the client would stay in Australia for long. I was right in this judgement.
Because of the consulting job I was able to buy our first house within 6 months of finishing my PhD.
David Boyd, as a professor of geophysics, did not publish many geophysical papers. Despite this, through his enthusiasm, he inspired a significant number of students to complete PhDs on aeromagnetic topics. Many of these students have made important contributions to exploration in Australia.
1973-75
I wrote a couple of papers while I was at the University of Adelaide but realised that because of my domestic situation I needed to get a proper job in Melbourne where we had family. I got a job as a groundwater geologist with the Geological Survey of Victoria. I had done a very good course on groundwater while at the University of Manitoba. Groundwater is probably Australia's most important resource. Problems of supply, salinisation and pollution were just beginning to be recognised at this time. My first task was to produce a three dimensional, time varying, model of groundwater flow in the Westernport Basin. I did this by adapting the code of an Israeli finite element program. I only half believed my results. I was horrified when some government officials used my results to withdraw water rights from several farmers.
The Survey did not have a geophysics section however I started introducing geophysical ideas and managed to purchase some geophysical equipment. I progressively became disillusioned at the incompetence of the Victorian Public Service, the rivalry between all the state agencies involved with water issues and the machinations of politicians to use water issues for their own purposes. Despite this milieu, some geologists managed to do important works. Several of them became lifelong friends.
1975 Between when I arrived back in Australia at the end of 1972 and the middle of 1975 no jobs were advertised for geophysicists. Suddenly two appeared at the same time. Both positions were in Sydney. One was with the Uranium Exploration Division of the Australian Atomic Energy Commission. At the time the Whitlam Labor Government was attempting to nationalise exploration in Australia through a Petroleum and Minerals Authority. They were having problems in getting their legislation through the Senate but, through an obscure 1950s Act of Parliament, they had the right to control all uranium exploration. I applied for a position and was offered one in charge of data processing. The second position was with the mineral exploration branch of a large French oil company. They also offered me a job. I accepted the Atomic Energy position because I expected that the French company would be forced to leave Australia. Within six months of me starting with the Atomic Energy Commission Prime Minister Whitlam had been dismissed by the Governor General and an election had been called. One of the stated policies of the Liberal Party, which appeared certain to win a forthcoming election, was the abolition of the Uranium Exploration Division of the Australian Atomic Energy Commission. Conveniently at around this time I was recontacted by a young Personnel Officer (nobody had heard of Human Resources in those days) of the French company asking if I would reconsider their offer. I accepted their job and began a wonderful 17 year association. The young Personnel Officer with initiative eventually started his own recruitment company with a partner. A few years ago they sold their business for $400 million.
I didn't get to do much real work with the Atomic Energy Commission Exploration Division. I am not sure that anybody did. I had access to good computer resources however and produced software that allowed deconvolution to element concentrations of airborne radiometric surveys. I also developed mathematics for upward and downward continuation of radiometric data (Gunn, 1978) .
1975-89 I joined the French oil company in 1975. I will refer to the French company as Elf Aquitaine but, like many organisations, it existed with various names at different times and in different places. Elf Aquitaine has since been absorbed into Total. I was appointed as a mineral exploration geophysicist. This was fortuitous. At the time all the big oil companies were moving into mineral exploration. They had lots of money and their mineral exploration divisions had bigger budgets to spend than the conventional mineral exploration companies. The oil companies were more open to research and innovation than most non-oil exploration companies.
I was 31 years old and, as anybody reading this article would realise, I had not really done much mineral exploration. I had no problems with magnetic and gravity interpretations but at the time I had effectively no knowledge of how to meaningfully interpret induced polarisation (IP) and electromagnetic data (EM). Looking back after several decades, I am not sure that many other people in Australia had any real competence in these fields then. Computer modelling of IP and EM responses was almost non-existent. I solved my problem by doing a lot of reading and compiling case history examples of responses. I published a paper in Exploration Geophysics that compared IP and EM responses over a series of known massive sulphide deposits (Gunn, 1980) . This paper was more for my benefit than for any other readers.
Elf Aquitaine had a wide range of mineral exploration projects throughout Australia and the Pacific. I was exposed to many different deposit types. Initially, as was the fashion at the time, the company geologists generated all the projects and I did surveys and interpretations where they wanted me to. As time went on and I read more on ore deposit models this situation was reversed.
Many of my projects involved electromagnetic surveys for base metals. Transient EM surveys were just beginning in Australia. I made an enquiry to a Canadian company about the Crone pulse electromagnetic system (PEM). About three weeks later the receptionist in the office said several large boxes had been delivered to me. Crone Geophysics had shipped a unit without me ordering it. I was horrified. The situation was resolved when the French Exploration Manager said 'Let's keep it'. On the first survey with the unit I got results that resulted in the discovery of two new ore lenses of the Sorby Hills Mississippi-type lead-zinc deposit. With hindsight this was probably due to responses of saline groundwater in a fracture zone associated with the mineralisation rather than responses of the mineralisation.
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I did a lot of PEM surveys. It was therapeutic to be out in remote exotic areas with crews of alimony dodgers, people just released from prison and others with a range of life problems. I discovered a lot of uneconomic massive sulphide deposits and proved that EM does not always respond to massive sulphide deposits. I published a paper in Exploration Geophysics showing this to be a fact (Gunn and Chisholm, 1984) .
Anyway, while I was enjoying myself in the bush, my wife back in Sydney fell in love with the local butcher and as a result we divorced.
Shortly after these events Elf Aquitaine decided to expatriate me to their head office in France to be in charge of their worldwide potential field activities related to mineral and hydrocarbon exploration. At the time I was living with a nice French girl who was working as a receptionist in the Elf Aquitaine office. The deal with Elf Aquitaine was that she could come to France with me as a 'concubine' which would entitle her to certain benefits. The benefits were not as good as those of a proper wife so we decided to get married. We are still together 36 years later.
We lived in Pau in Basque country in the south of France at the foothills of the Pyrénées Mountains. Elf Aquitaine in Australia offered free weekly French lessons to its staff. I followed the course for six months and was good enough in French when I arrived in France to never have to speak English while at work.
Elf Aquitaine was the largest French oil company at the time. Like all big oil companies then it had a large research division and most of what it needed was produced through in-house projects. For example it had its own seismic reflection data processing system, it had developed its own seismic interpretation work station and produced its own equipment for doing magnetotelluric surveys. I was in charge of their in-house research in gravity and magnetics. This was not very significant but we got a system up and running for producing enhanced maps of magnetic and gravity data plus a visually interactive modelling package for magnetic data. Life was interesting with onsite projects in Cameroon, Canada and Spain plus interpretation projects using data from all over the world. As mentioned previously, Elf Aquitaine had formed a mineral exploration division. This venture started very well. They commissioned an airborne electromagnetic survey using the INPUT system. The first survey showed a significant coincident conductive and magnetic response. Their first mineral exploration drill hole targeted this feature and discovered the 100 mt Rouez massive sulphide deposit. After this success Elf Aquitaine were very enthusiastic about airborne EM and magnetic surveys. To add a bit of interest to my life I managed to become a party leader doing ground follow up of airborne EM anomalies recorded by various fixed wing and helicopter surveys. The follow up was all over France. This was geophysical tourism at its best. I became an expert at finding buried pipelines. Despite what might seem like a wonderful life, I became annoyed because I was not receiving any pay rises. France said that it was Australia's responsibility, and Australia said it was Frances's responsibility. I asked to go back to Australia. France wanted me to stay but they did not offer me a pay rise. I intended to quit when I got to Australia but when I arrived I was offered a pay rise of more than 100% so I did not quit.
In Australia the mineral group had expanded considerably because Elf Aquitaine had taken over the Australian company Triako. This significantly expanded the portfolio of exploration interests. I was Chief Mineral Geophysicist of the combined group. By this time, I had developed my rift ideas to the extent that Elf Aquitaine believed in my concepts for targeting mineral deposits. The company started checking out areas I recommended. I published the first summary of my rift ideas in Exploration Geophysics (Gunn, 1984) . Three significant life events occurred at the end of this period. The first was when a field trip to Western Australia scheduled for a Saturday was cancelled due to a cyclone. My wife and I used that day to purchase a house which has turned out to be the best investment we ever made. The next event came when I was out in the field in northern Yilgarn Craton of Western Australia; in a desolate campsite, surrounded by dead sheep, in the company of a field crew of not very interesting drunks. I was 40 at the time. I decided that it was time to move on in life. The final significant event involved Elf Aquitaine trying to develop a mine at the site of the Sorby Hills lead zinc deposit. They decided to put down a decline tunnel to the ore. This proved to be difficult. Sorby Hills is just onshore from the Joseph Bonaparte Gulf in Northern Australia. The project started during the wet season which made access almost impossible. Then the limestone they were tunnelling through had a rectangular fracture system which resulted in cubes of limestone falling almost continually from the roof of the tunnel. The real killer, however, was water influx. They could never beat it. I think the water may even have been connected to the Joseph Bonaparte Gulf. The decline tunnel had to be abandoned. Shortly after this experience Elf Aquitaine decided to close its mineral division in Australia. This meant I was facing redundancy. I asked to be transferred to their surviving oil division and Elf Aquitaine agreed. I was about to be resurrected as a petroleum geophysicist. This was in 1984.
Elf Aquitaine sent me on a lot of training courses to get me up to speed as a petroleum geophysicist. The oil industry has a much better range of professional training courses than the mineral industry. A few things had changed since my 1968 year in the petroleum industry with Wapet. Processing had advanced considerably but because of my physic/mathematics background it was easy to catch up. Processed seismic sections showed more information but because sequence stratigraphy had not really arrived interpretation still consisted of using a coloured pencil to trace a line on paper between two black seismic events and then sending the section off to be digitised. I have known consultant geophysicists to get their wives to trace the coloured lines in some basins with simple geology. Initially I did a lot of interpretation in the Cooper Basin where the coloured line approach was still resulting in significant discoveries. I participated in several of these. At the time Delhi was the operator of virtually all the Cooper Basin permits. I would attend joint venture meetings at the Delhi offices in Adelaide. Bottles of wine would come out for morning tea and never go away.
Eventually I became Chief Petroleum Geophysicist. I was put in charge exploration in the Joseph Bonaparte Gulf where Elf Aquitaine had been exploring since 1965. They had found two large gas deposits there but no oil. After studying the excellent available geological, seismic and gravity data of the area I realised that this area is a perfect example of my rift model. I published a paper presenting these ideas (Gunn, 1988) . Since this paper was published Geoscience Australia and others have published a large amount of work on the area that included detailed tomographic inversion of seismic refraction data, acquisition of new deep penetrating seismic reflection data, acquisition of magnetic data and detailed modelling of gravity data. All these works confirm the structural model I published in 1988. Nobody ever said 'Peter Gunn got it right'. My climax in the Joseph Bonaparte Gulf came when one of my interpretations identified a prospect with two target horizons. The deeper one had the potential to contain 50 million barrels of oil. A shallower one had the potential to contain about 10 million barrels. Elf Aquitaine had to drill a commitment well so they drilled my prospect with the Barnett 2 well. The deeper target was intersected at almost exactly the depth I predicted. Log analysis showed that it was saturated with oil. Unfortunately the permeability was so low that hardly any oil came out on testing. Maybe someday someone will frack the structure. Anyway, the shallower structure did contain oil that flowed. This was the first oil flow ever in the Joseph Bonaparte Gulf. Normally I would have expected the Elf Aquitaine management to be very happy with this result. They were not. The oil flow happened on a Sunday. Elf Aquitaine had previously decided to sell its hydrocarbon assets in Australia and bids were due in on Monday, the day after my oil flow. The Elf Aquitaine management did not know what to do. After prevaricating for several days they accepted a bid from Santos.
This meant I was about to lose my job. I got a good redundancy and an immediate offer to work in the Elf Aquitaine office in London.
1990-92
In London I worked under a French Chief Geophysicist. He spent most of his time on the phone to France and preparing elaborate slides for weekly and monthly meetings. I took care of all the seismic acquisition and processing contracts, lead interpretation groups and attended an enormous number of joint venture meetings. Shortly after I arrived in London Elf Aquitaine commenced drilling a 5.7 km deep exploration well. I was given the task of organising a down-hole VSP survey and using the VSP data to decide if the well had reached its objective which consisted of a characteristic group of seismic reflections. This was not as simple as it sounds because when the VSP results came in there were no sign of the reflection package anywhere near the time they were on the conventional seismic reflection data. The VSP showed a package with the right sort of characteristics albeit at a completely different depth than expected. I studied the original reflection data and noted that the target was beneath a very steeply dipping unconformity. I decided that refraction had caused a time offset between the VSP and conventional seismic data. I stopped the well and on testing it proved a major discovery. I had made the correct call. The Chief Geophysicist disappeared from the office while this was happening. The well cost £50 million. I would have been the patsy if I had stuffed up by terminating the well above the objective.
At the time exploration activity in the North Sea was probably at its peak. Virtually all major oil companies and associated contractors were in the UK. It was an exciting environment. Corporate hospitality was impressive. For example, I remember being flown to the Silverstone Grand Prix by helicopter in a swarm of helicopters flying other lucky people to Silverstone. London had a very active Petroleum Exploration Society of Great Britain. (PESGB) with great Christmas parties limited to the first 1000 members who booked. One of the best of these was in the Natural History Museum in London. This is the museum with the giant dinosaur skeletons. The party had a Scottish theme. They had bagpipers playing and girls doing highland flings around illuminated dinosaurs. They had whisky bars, unlimited supplies of Scottish beers and various food options including haggis, salmon and venison. All this only cost members of PESGB a heavily subsidised £10.
Eventually Elf Aquitaine management got the brilliant idea of merging their London office with a British company based in Aberdeen. London staff had the option of going to Aberdeen or collecting a redundancy. I chose the latter option. By then we had a baby born in London and figured we could make a better life back in Australia.
Before I left for London I commenced a Graduate Diploma in Applied Finance and Investment conducted by an organisation called the Securities Institute of Australia. I completed this diploma by distance education while I was in London. The course included subjects such as accounting, financial theory, stock analysis, corporate law etc. The diploma gave me useful information to manage my financial affairs in later life. The diploma also qualified me to be a stock broker. I could have entered the world of finance but, although it is a fascinating industry, I decided not to pursue this option.
1992-93
So, I arrived back in Australia from the northern hemisphere for the second time with a wife, a young child and no job. I spent four weeks marketing myself as a geophysical consultant. One Friday night I became rather despondent because I had not received any responses. The next day, Saturday, I received a 7am phone call from a company saying that they wanted me to be in New Plymouth in New Zealand that evening to interpret some seismic data. My consulting career was away. Back in Australia I accepted a contract on a miserable daily rate with the Adelaide based oil company Santos. This was to interpret seismic data in the Cooper Basin. When I arrived in Adelaide Santos asked me if I had experience using seismic interpretation work stations. I truthfully answered in the affirmative. In fact I had fiddled with a Landmark workstation for a couple of hours while working for Elf Aquitaine in London. This impressed Santos who showed me to my workplace in front of a Landmark seismic interpretation workstation. I immediately recognised that the workstation was a later version than the one I had used in London. Santos staff said 'That's not a problem we can show you how to use this one'. They did, and two hours later I was the seventh person using seismic interpretation workstations in the Santos office. I ground away for five months with Santos. I would work 20 days straight and go home to my family in Sydney for three or four day breaks. At the end of the year Santos offered me a permanent position. I turned it down, terminated my interpretation contract, and returned to Sydney.
Back in Sydney, completely burnt out from doing so much seismic interpretation, I decided to do something completely different and write a book. After 3 months I produced a selfpublished book with the snappy title 'Magnetic Signatures of Gold-Copper-Zinc-Lead-Silver Massive Sulphide Deposits in Extensional Sedimentary Basins'. This book merged my ideas on rifts with the fact that many massive sulphide deposits could be recognised by their magnetic anomaly patterns. At the time of researching this book university libraries and the CSIRO library still had hard copy books and journals that I could access.
I decided to sell the book for $1500 a copy. I did this by ringing up exploration companies. I had such success in Australia that I went on a sales tour through Vancouver, Toronto and London. I eventually sold 48 copies. As a bonus, many companies contacted me to give courses on the book to staff members who were too lazy to read it. At a later stage in my life I made a substantial amount of money by applying the principles outlined in the book to successfully identify exploration targets. Not long after the court case I was shortlisted for a position as Professor of Exploration Geophysics at a West Australian university. The opposing expert witness was on the interview panel. I was not successful in my application. I understand that candidate appointed by the university proved so unsatisfactory that he was refused tenure.
I was surviving well as a geophysical consultant when one Saturday morning I saw an advertisement for a Senior Principal Research Scientist to head the Geophysical Mapping Group of the Australian Geological Survey Organisation (AGSO) in Canberra. AGSO was a rebadged name for the Bureau of Mineral Resources (BMR) and AGSO itself has since been rebadged as Geoscience Australia. In the following text I will collectively refer to these organisations as Geoscience Australia. The advertised position appeared to offer the chance to do serious research in the fields of magnetic and gravity surveys and would at last be a chance to profit from my hard earned PhD. In addition, at this stage of my life, I was full of idealism and wanted to contribute to Australia. I submitted a successful application for the position.
1994-2000
The Geophysical Mapping Group of Geoscience Australia and its antecedents had been conducting aeromagnetic, radiometric and gravity surveys in Australia since the 1950s. When I arrived in Canberra the group consisted of 28 professionals and support staff. The Group operated its own aeromagnetic survey plane and processed the resultant data with its own internally developed software. The Group were very advanced in the field of image processing and had just produced the first versions of the now well-known magnetic and gravity maps of Australia. At the time I arrived the Group was mainly concentrating on technical aspects of magnetic and gravity surveys and was largely ignored by the geologists in Geoscience Australia. I like to think that I changed this situation. Probably the first major change was that we started using the INTREPID processing software developed by Desmond Fitzgerald and Associates Pty. Ltd based in Melbourne. Geoscience Australia had been collaborating on the development before I arrived in Canberra. This comprehensive processing package was significantly superior to the software previously used by Geoscience Australia. INTREPID has a very good suite of filtering and data enhancement routines many of which are based on formulations I published in Gunn (1975b) . We immediately began publishing various enhanced maps and images such as derivative and reductions to the pole. These greatly increased the utility of our data. Next I broadened the skill base of our Group by purchasing various modelling and GIS packages and we branched out into producing interpretations of our data. I trained our group in interpretation techniques.
Just as I arrived in Canberra the government of the day decided that government agencies should contribute to their upkeep be earning what was called 'external earnings'. This policy enabled to Group to win projects in Argentina, Brazil, Vanuatu, Fiji, Norway, Taiwan, Oman, Austria, South Africa, Canada, Indonesia and the United States. We also did external earnings work in Australia. We made significant amounts of money by selling our data at high prices. My understanding is that we were the most successful group in Geoscience Australia in the external earnings business.
We initiated and ran the 'MAGMAGE Project', which was a joint venture with Desmond Fitzgerald sponsored by 12 other organisations with the objective of developing new techniques for processing and interpreting aeromagnetic data. Several techniques we developed became very useful. One of these is the fractional vertical derivative (Gunn et al., 1997) . Isaac Newton only developed integer derivatives such as the first and second derivatives. We were able to calculate derivatives for any fraction. The utility of such a technique is that while a first derivative enhancement may not give the maximum resolution of a dataset and a second derivative of the same dataset my exaggerate noise to an unacceptable level, an intermediate derivative such as the 1.4 derivative may give an optimal result. Des Fitzgerald is another remarkable Australian geophysicist. We had many interesting collaborations while I was with Geoscience Australia and later when I became a geophysical consultant.
The pass Peter Gunn used to inspect a survey plane at Hurghada airport on the Red Sea coast.
We also ran a project to establish international standards for processing airborne radiometric data. Brian Minty was the lead technical person from the Geophysical Mapping Group. We consulted widely with contractors, government agencies and exploration companies. This successful project concluded with two very well attended conferences.
I edited a special volume on 'Airborne Magnetic and Radiometric Surveys' (Gunn, 1997a ) that contains 17 specially commissioned papers on all aspects of aeromagnetic and radiometric surveys. This volume became the best-selling Geoscience Australia publication for at least two years in a row.
I was a prolific author at the time. In 1997 I authored and co-authored 14 geophysical papers that were published in the thematic volume, Exploration Geophysics and various conference proceedings. I gave twenty one courses and workshops to external clients on magnetic survey issues both in Australia and overseas. I produced my own training manual. I had many invited paid trips to address overseas conferences and workshops. It has been commented that I was receiving more such offers than the CEO of Geoscience Australia.
I could not have managed much of the above without the support of my mate, Ian Hone, the Manager of the Geophysical Mapping Group, a knowledgeable geophysicist in his own right. Ian looked after all the administration issues and left me free to think about broader issues.
At its peak the Geophysical Mapping Group was acquiring, with its own survey aircraft, and by contract, up to 500 000 line km of airborne magnetic and radiometric data each year plus various gravity surveys and publishing approximately 350 maps and images each year. In my opinion we were the best group of its type in the world at the time.
In 2000 the Australian Government decided that Geoscience Australia should not be conducting aeromagnetic surveys and that the Group's survey aircraft should be sold. As a consequence several members of the Group had to find other activities. My position was abolished and I had to reapply for a new position in a management spill. I was informally told that I would be given a senior specialist function. I was scheduled to give an invited talk at an EAGE conference in Helsinki at the time of the interviews. I arranged to have a phone interview on my way back to Australia. While I was in Finland the scope of the available jobs were significantly changed. I had my phone interview in a French friend's apartment in central Paris at 5am. This was after a memorable dinner party in the apartment that ended at 3 am. I was probably more honest with my opinions on various issues than most people in my position would have been. When I arrived back in Australia I learnt that I did not have a job. I was not too disappointed. After six years in Canberra I had lost my idealism. I think the senior management of Geoscience Australia were happy to see me leave.
2001 So we left Canberra to return to our house in Sydney. We did not return directly to Sydney. We took our nine year old daughter out of school and went backpacking as a family for six months through Egypt, Greece, Turkey, Spain, the UK and France. During this time we 'educated' our daughter who eventually obtained a university entrance score of 97.3.
2001-13
So, for the third time in my life I arrived back in Australia from the northern hemisphere with a wife, a young child and no job. I was 58 at the time and had minimal relevant hands on computing skills. While at Geoscience Australia I was able to ask competent young people to carry out all the computing tasks I required.
Although exploration activity was depressed at the time, and the resources boom had not really begun, I had two lucky events which set me up for twelve years of consulting. The first of these was that I persuaded a large diamond exploration company to give me a consulting project identifying the locations of ancient mantle plumes in Archean cratons. There was a general acceptance at the time that diamond bearing kimberlites are spatially related to mantle plumes. I had become familiar with mantle plume concepts through contacts with staff of the Research School of Earth Sciences at the Australian National University in Canberra. I had developed ideas on how to recognise fossil mantle plume locations using magnetic data while working with Geoscience Australia. Central to my ideas was that many of the large red semi-circular magnetic anomalies visible in the Magnetic Map of Australia are due to large mid crustal sills caused by mantle plumes. My client was so happy with my original project that the contract was extended to study all of Australia and most of southern Africa. I spent a year variously studying magnetic, gravity, topographic, geological and heatflow data plus various images of tomographic inversions of seismic S wave velocities. My client applied for several permits based on my concepts. They found diamond bearing kimberlites.
This project gave me time to get my computer skills and software up to the standard I needed to be a modern consultant. The mantle plume work also allowed me to refine my rifting ideas as plumes appear to be the main initiators of rifts. I also eventually developed ideas that mantle plumes are the generators of a variety of Cu-Fe-U-REE, Cu-Ni, Cr, Pt and Ti deposits and used my ideas on the magnetic responses of mantle plumes to target such deposits.
The second break came while I was playing with open file GIS and magnetic data from the Northern Territory and noted a Ni occurrence that was associated with an interesting circular magnetic anomaly. I considered this association to be prospective. I took the idea to Rio Tinto who applied for a permit over the area. In return I was to receive $20 000 for each year that Rio held the permit plus a royalty if ever a deposit was mined in the area. This transaction inspired me and from then on project generation became a lucrative sideline. I eventually had twenty one joint ventures based on projects that I developed. I did not have to spend my own money in any of these deals. I variously received cash, shares, options, carried interests, royalties and success fees. Two companies were listed on the Australian Stock Exchange solely on the basis of my ideas. My concepts covered Cu, Pb, Zn, Ni, precious metals, Ti, beach sands, coal, oil, uranium and rare earths. At this stage of my life my hobby reading comprised economic geology textbooks and economic geology journals. My project generation activities became much simpler with the advent of broadband internet and the free availability of magnetic and gravity datasets and detailed GIS datasets of geology, drill hole information, mineral occurrences and permit locations through Geoscience Australia and various state Geological Survey websites.
The most satisfying of these projects was when I identified an area in northwest New South Wales as being prospective for massive sulphides and precious metals using the concepts of my self-published 1993 book about how to find base and precious metals in rifts. The main target I identified, using magnetic data, was in an area never previously held under a mineral exploration lease and 50 km from the nearest mineral drill hole. There were no basement outcrops for tens of kilometres in any direction. The first drill hole into the target area (Cuttaburra B), based on my interpretations, hit pyrrhotite and copper and silver at a depth of 75 metres.
About 2 years after I started consulting the resource boom started in earnest and I was flooded with work from both mining and oil companies. At first I did a lot of work for mineral exploration companies. However, after largely ignoring potential fields for several decades, many oil companies started to use them again in the early 2000s. Because I had worked extensively in the oil industry I was able to relate well with oil company staff and eventually developed a consulting niche where most of my consulting involved gravity and magnetic projects for oil companies. They had bigger projects that paid more and often involved very good trips.
Airborne gravity began to be used extensively around this time. Much of the processing and interpretation for airborne gravity involved the types of transformations I had described in Gunn (1975b) . My best application of such a transformation was in a project I did for an American oil company. I was given an airborne gravity dataset over an area in Papua New Guinea. The original data consisted of a series of semi-parallel contour lines due to a strong regional gravity gradient. I applied a derivative operation to the data which revealed a significant gravity closure. My client shot seismic across this feature and the results showed that my gravity residual was due to a large carbonate reef. When my client drilled this feature they obtained a very large gas flow (Antelope 1). I understand that they submitted the results to the Guinness Book of Records. Recent negotiations involving interests in the field imply a present day value of the undeveloped field of around $4 billion.
As well as interpreting the results of airborne surveys my clients would often insist that I did on site supervision of survey acquisition. Initially I thought that this was a bit unnecessary but I did manage to rectify a large number of issues that did not meet specifications. I went to many fun places such as Angola, Banana, located at the mouth of the Congo River in the Democratic Republic of Congo, the Sinai, Madagascar, the Gulf of Suez in Egypt, the highlands of Papua New Guinea, Sarawak and Brunei. Brunei was very tame after the other places. Prince Charles was responsible for my easiest day of work in Brunei. He arrived from England to plant a symbolic tree in the middle of the Brunei rain forest. We were not allowed to fly our survey that day.
I did many interpretations. My rift ideas applied in many cases. One example was the situation where I interpreted all available gravity and magnetic data over the Cuvette Centrale (central basin) of the Democratic Republic of Congo (DRC). This basin covered about 80% of the area of the DRC. I had access to a limited amount of seismic data from surveys shot along rivers. There had been no oil exploration in the area since the 1980s because of wars in the country. My client had an exclusive right to study the basin for twelve months and then to choose specific areas for detailed exploration. A condition was to make progress presentations every three months to the DRC government. I was part of the second such presentation. The night before we were due to leave for Kinshasa, the capital of the DRC, I received a call from my client telling me that he had just seen a report on the BBC News that there had just been a coup in the DRC and that there were 600 dead people lying around the streets of Kinshasa. We had to wait several weeks until things had calmed down before we could make our presentation. My interpretation was that the Cuvette Centrale was a sag basin formed over a failed rift and that the original rift had been inverted to form a structural ridge in the middle of the area. My client believed this interpretation, which had several important implications of where prospective areas were likely to be located. I made a presentation to DRC officials in my best French backed up by an impressive set of Powerpoint slides all suitably annotated in French. At the end of our presentations the DRC authorities said that they needed to buy some toner to be able to print the minutes of the meeting. They asked for $1000 to buy the toner. Not long after the presentation the DRC authorities reneged on the contract with my client and made some sort of new deal with another oil company. They apparently sold my report to the other company.
By the time I got to be 65.5 years old I had been working six and seven day weeks for the previous 4 years. I was exhausted. I decided that in the future I would only accept interesting and well paid jobs that preferably involved an interesting trip somewhere. The last really big project I ever did fitted these criteria. It involved the interpretation of a $15 million full tensor airborne gravity gradiometer (FTG) and aeromagnetic survey over the East African Rift in Ethiopia and northern Kenya, just south of the Afar Triangle mantle plume. This was a dream project for me. The gravity and magnetic data were almost exactly what I expected. At the time I was fortunate to have a University of Sydney library card that gave me electronic access to virtually every journal in the world. The many studies of the area, especially those involving tomographic seismic inversions, appeared to confirm my ideas on structuring and magmatic activity related to rifts.
The reason I had the library card was because I had become an Honorary Associate of the Department of Earth Sciences of the University of Sydney. I was researching mantle plumes and rifts and how sedimentary basin formation and structuring and mineral deposit locations can be predicted by understanding magnetic and gravity anomalies. One day I noticed that the Department's web page had a significantly shorter list of Honorary Associates than previously. My name was not on the list. I learnt that the central administration of the University had decided to charge the Department of Earth Sciences a $3000 administration fee for each Honorary Associate. This resulted in anybody not writing lots of papers or bringing in grant money being purged.
I did my last consulting job when I was 69.5. I was ready to stop. One month later my 7 year old laptop computer died and took most of my geophysical software with it. I had expected this to happen for some time and had bought a new laptop but, for a whole range of reasons, most of my software could not be transferred.
With the demise of my laptop and the loss of my university library card my researches on rifts and mantle plumes effectively ended.
I would like to think I had reached a stage where I could use gravity and magnetic data to identify locations of rifts and intracontinental sedimentary basins and to delineate their extents, degrees of extension and define their internal structuring. The key to be able to do this is to understand that rifts and intracontinental sedimentary basins are commonly underlain by large igneous bodies that cause significant gravity and magnetic anomalies. The amplitudes of the anomalies are related to the degree of extension and subsidence. The igneous bodies are commonly compartmentalised along rift axes and have a significant influence on structuring in rifts. They may be the source of the necessary heat and mineralising fluids to create ore bodies. Recognition of compartmentalisation in rifts and the knowledge that maximum subsidence occurs over the axial igneous intrusions allows predictions to be made of facies distributions within rifts. I was able to map the distributions of volcanic rocks in the sediment section and to identify hydrocarbon prospects such as anticlines, tilted blocks, carbonate reefs and palaeochannels.
I also believe I made significant progress on being able to identify prospective localities for VHMS massive sulphide deposits, SEDEX massive sulphides, Mississipi Valley Pb-Zn deposits and deposits related to layered intrusions (Cu, Ni, Cr and Pt) in rifts. In the case of the VHMS deposits I developed criteria for recognising the magnetic signatures of such deposits.
I did not make the same degree of progress with mineral deposits related to mantle plumes. I did however come up with a successful set of criteria for identifying areas potentially containing diamond bearing kimberlites in the proximity of fossil mantle plume localities and I discovered a hard rock Ti deposit under cover that I believe was related to a mantle plume. The high tide of my investigations was trying to relate the FeO-Cu-Au-U-REE deposits of the Stuart Shelf area in South Australia to large the regional magnetic anomalies they overlie.
The last publication on my rift ideas was Gunn, 1997b . If I were to write a sequel only minor detail would change in the fundamental ideas of this paper. I would however include various case history examples from around the world that support my ideas. I would also elaborate, with examples, on the above claims of how I can use gravity and magnetic data to explore for hydrocarbons and minerals. This is not going to happen. The field is left open for some enthusiastic PhD students who would have a high likelihood of producing useful theses.
NOW:
For the first seven years of my life I lived in a small town in western Victoria called Balmoral. Electricity had not reached the town at this time. We did, however, have kerosene fuelled street lights and an active blacksmith. The only present for my sixth birthday was a rabbit trap. These days we live in another place called Balmoral in Sydney. Our house is surrounded by rainforest and 200 metres from one of the best beaches on Sydney Harbour. It is a good life. It has been a long and windy road but, we got here. 
